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BET bromodomain and extraterminal 
HCC Hepatocellular Carcinoma 
BRD2/3/4 bromodomain-containing protein 2/3/4 
DMSO Dimethyl Sulphoxide 
Yap1 Yes-associated protein 1 
PI Propidium Iodide 
Bcl-2 B-cell lymphoma 2 
PARP Poly (ADP-ribose) polymerase 1 
c-Myc V-myc avian myelocytomatosis viral oncogene homolog 
FOSL1 FOS-like antigen 1 
CHX Cycloheximide from microbial 
DOT1L DOT1-like histone H3K79 methyltransferase 
































其次明确了 I-BET151 对原癌基因 Yap1 的蛋白及转录水平的影响，并通过构建稳定干
扰或瞬时过表达 BRD4、siRNA沉默 BET蛋白家族等研究手段，探讨了 BET蛋白家族
对 Yap1转录的调控作用；通过 ChIP实验，明确了 I-BET151对 Yap1启动子 H3K79me2
及 H3K4me3 等正性组蛋白修饰水平的影响，利用 siRNA 及靶向 DOT1L 抑制剂
EPZ004777沉默 DOT1L等方法，证实了 DOT1L介导的 H3K79me2正性组蛋白修饰在
肝细胞癌恶性增殖及 Yap1转录调控中的关键生物学作用。 
实验结果表明 I-BET151可显著抑制 HCC细胞恶性增殖表型，诱导 G1期细胞周期
阻滞及凋亡；I-BET151可明显抑制 Yap1的转录，但对其蛋白稳定性没有明显的影响；
Yap1 的转录调控不依赖于 BRD4，提示 BRD2 可能参与 Yap1 的转录调控；I-BET151
可明显降低 Yap1启动子 H3K79me2正性组蛋白甲基化修饰水平，H3K79me2甲基转移
酶 DoT1L的功能沉默可明显抑制 HCC细胞的增殖及 Yap1的转录。 
综上所述，BET 蛋白小分子抑制剂 I-BET151 通过抑制 DOT1L 介导的 H3K79me2
正性组蛋白甲基化修饰调控的原癌基因 Yap1转录是其抗肝癌作用的重要分子事件。本




















With high aggressive and poor prognosis, hepatocellular carcinoma (HCC) is the most 
common type of liver cancer in the world. Therefore it is important to discover novel and 
high efficiency anti-tumor targeted medicine. Small molecule inhibitors targeting BET 
protein are proved to suppress a diversity of tumors; however the effect on HCC is still 
unknown. Here we report the effects of I-BET151 on malignant phenotype of HCC cell lines, 
the epigenetic regulatory mechanisms of I-BET151 on transcription of Yap1 and show the 
poetical application prospect of small molecule targeting histone modification. 
In this study, we first studied the effect of I-BET151 on the proliferation, cell cycle, and 
apoptosis of HCC cell. Then we tested the effect of I-BET151 on the protein expression and 
transcription of Yap1. After that, with shRNA-mediated knock-down BRD4, over expression 
of BRD4 or siRNA transfection, the role of BET protein family in the transcription of Yap1 
was examined. The effect of I-BET151 on the level of H3K79me2 and H3K4me3 at the 
promoter of Yap1 was investigated by ChIP assay. Finally, with siRNA transfection or 
inhibitor to DOT1L, the significant role of DOT1L-mediated H3K79me2 at the promoter of 
Yap1 in the proliferation of HCC cells and the transcription of Yap1 were explored. 
The result showed that: firstly, I-BET151 treatment decreased proliferation, blocked cell 
cycle progression and induced apoptosis in HCC cell lines. Secondly, I-BET151 represses the 
transcription of Yap1 but had no effect on Yap1 stability. Thirdly, the transcription of Yap1 
was independent on BRD4, and it indicated that Yap1 was transcriptional target of BRD2 in 
HCC cell lines. Fourthly, I-BET151 significantly inhibited H3K79 methylation at the 
promoter of Yap1; the down-regulation of DOT1L obviously inhibited the proliferation of 
HCC cell lines and the transcription of Yap1. 
All the results indicate that the transcription of Yap1 is repressed by I-BET151 through 
DOT1L-mediated H3K79me2 at the promoter of Yap1. We clarify the epigenetic regulatory 
mechanism of I-BET151 on transcription of Yap1, explore the role of inhibitor targeting BET 
protein and histone modification in anti-HCC and provide a novel target for liver cancer 
therapy.   
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肝癌（liver cancer）是世界第 6大常见恶性肿瘤[1]。全世界每年新发肝癌 26万例，
值得注意的是全世界超过半数的肝癌患者集中在中国，虽然采取积极的手术治疗，我国











包括肝细胞癌、胆管细胞癌（cholangio carcinoma）以及混合型肝癌（mixed primary 
carcinoma of liver），其中肝细胞癌占到 83%，是原发性肝癌最主要的类型，具有侵袭力
强、易转移及预后差等特点，研究资料显示，肝细胞癌是全世界发病率居第 6位，致死








































































核小体的重要组成部分，其构成的八聚体包括各 2 分子的 H2A、H2B、H3 和 H4 以及
单体组蛋白 H1。不同组蛋白的一级结构有所差别，H1、H2A、H2B中富含赖氨酸，H3
和 H4则精氨酸含量丰富。组蛋白修饰主要包括组蛋白甲基化、乙酰化、磷酸化、腺苷
酸化、泛素化以及 ADP核糖基化。肝癌组织中 H3K27me3呈现异常高表达[20]，Testoni 
B提出 IFNα/STAT2通过招募 EZH2促进肝癌中 H3K27的三甲基化从而抑制 p53的表
达[21]。本实验室则发现，在 HCC中，menin（the mulitple endocrine neoplasia type 1）通
过招募MLL（mixed lineage leukemia）形成组蛋白甲基转移酶复合物，增加癌基因 YAP1
（yes-associated protein1）的启动子区域 H3K4Me3修饰，从而上调 Yap1的表达[22]。 
1.1.4.3 非编码 RNA与肝细胞癌 
非编码 RNA 也是一种重要的表观遗传修饰。其中研究最为深入的是 microRNA，
它参与细胞的多个重要的生理进程，包括细胞增殖、细胞周期调节、细胞分化以及凋亡
































如图 2所示，BRD4（bromodomain-containing protein 4）与 BRD2（bromodomain- 
containing protein 2）、BRD3（ bromodomain-containing protein 3）及 BRDT








































目前， BET蛋白家族中研究最为深入的成员是 BRD4，对其调控机制也最为清晰。 
1.2.3.1 BRD4的经典靶基因调控途径 
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